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Abstract
A study of household dust composition was conducted

in a semi-urban area around Kajang and Bandar Baru

Bangi Selangor, Malaysia. Samples of household

dust were collected from 31 randomly selected houses

using a vacuum cleaner equipped with a changeable

dust bag. Parameters analysed were anions (Cl�, SO2�
4 ,

and NO3� ), cations (Kþ, Ca2þ, and Mg2þ), and heavy

metals (Cd, Fe, Ni, and Pb) to deduce the possible

sources and evaluate the toxicity of indoor dust.

The concentration of each parameter was compared

to the concentration of street dust collected outside

the houses. The results showed that the composition

of anions was dominated by Cl� followed by SO2�
4

and NO3-; cations concentration by the sequence

of Ca2þ4Kþ4Mg2þ and for heavy metals concen-

tration, Pb was present in the highest concentration

followed by Ni 4 Fe 4Cd 4Zn. The study also

showed that the concentration of most parameters

analyzed were higher in household dust than street

dust, suggesting that the composition of household

dust is more closely related to indoor activities and the

environment.

Introduction

In modern urban and semi-urban societies, indoor air

quality has gained greater attention in recent years, chiefly

due to the large amount of time we spend indoors or in

microenvironments [1,2]; Jenkins et al. [3] showed that

urban people spend an average of 87% indoors and only a

mere 6% outdoors. It is acknowledged that there are

hundreds of pollutants which affect indoor air quality and

thousands of sources [4]. In fact, research indicates that

there are more than 900 different contaminants present in

indoor environments, depending on the particular

operations and activities that occur within the specific

environment [5]. These indoor air pollutants can be

influenced from a surprising number of sources in the
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indoor environment itself as well as from outdoor

pollution [6–10].

Indoor dust is a heterogeneous mix of particles of

organic and inorganic origin. The particles vary in size

and shape, from large hair and textiles fibers to ultra fine

particles [11,12]. Research dealing with these define

outdoor and indoor specific sources for these elements

[13–15]. Inorganic ions provide important information on

the origin of the aerosols or dust composition and are

commonly employed in source identification and appor-

tionment studies. Calcium and magnesium (Ca2þ and

Mg2þ) may indicate crustal or dust nature and potassium

(Kþ) as tracer for biomass burning and meat cooking

[16,17]. Nitrate and sulphate (NO�3 and SO2�
4 ) are often

higher in aerosols collected from urban areas and more

related to combustion activities [16,18–20]. Adgate et al.

[21] showed that tracked encrusted materials and depos-

ited airborne particles were responsible for two-thirds of

heavy metals including, Pb found in house dust. Fergusson

and Kim [22] proved that worn furnishing, construction,

cosmetic materials, paint chip and carpet materials could

lead to an elevated heavy metals content. Smoke from

cooking and smoking have also been found to distribute

several gases and organic matter [23]. Furthermore, indoor

dust carries viruses, bacteria, and gases [24].

Indoor dust may contain sufficiently large amounts

of some elements to pose a considerable toxicological

risk to more vulnerable groups of dwellers, e.g, younger

children [2,25–27]. Other potential hazards are size, shape,

surface area, mass, number chemical composition, and

biological effects. Smaller particles have lower deposition

velocities than coarse particles, and hence can remain in

the air for a longer time, potentially impacting human

respiration [28,29].

This study analyzed the composition of household

dust and compared its composition to the main expected

sources of indoor dust in semi-urban area in Malaysia,

namely street dust. This study also sought to correlate

the composition of household dust to the main sources

of indoor air pollution such as smoking and cooking

activities as well as to relate dust composition with the

distance of the house from major roads.

Experimental

Household Dust and Street Dust Sampling

Samples of household dust were collected from 31

randomly selected houses (sampling twice per house)

(Table 1) from several semi-urban housing areas in

Kajang and Bandar Baru Bangi, Selangor, Malaysia.

The samples were collected from living rooms using a

vacuum cleaner equipped with a changeable dust bag

as advised by Rasmussen et al. [30]. Street dust samples

were collected at the roadside near each residence using

a clean dust pan from 1m2 section of road directly

adjacent to the residential property; typically 5–10m from

the house itself. The dust samples were sieved using

stainless steel sieves with aperture size563 mm (lower size

limit expected40.01 mm) [31]. To eliminate cross con-

tamination of the samples, the dust bag was changed

and the vacuum cleaner and other sampling equipment

Table 1. Average concentration of parameters measured (average, n¼ 30) in household dust and street dust (average, n¼ 30). r- and p-value
indicate the correlation between chemical compositions in household dust and street dust

Parameter Unit Household dust Street dust r-value p-value
(one-tailed)

Water content % 2.76� 1.07 0.56� 0.66 0.28 0.06
Organic substances content % 20.99� 9.85 2.88� 0.72 �0.05 0.39
Chloride mg�g�1 4.01� 2.27 0.57� 0.38 0.24 0.09
Nitrate mg�g�1 0.19� 0.12 0.02� 0.00 �0.01 0.33
Sulphate mg�g�1 27.42� 1.14 1.43� 0.23 �0.14 0.22
Potassium mg�g�1 2.87� 1.59 0.11� 0.10 0.65 0.01**
Calcium mg�g�1 3.25� 1.58 0.37� 0.29 0.29 0.06
Magnesium mg�g�1 0.27� 0.11 0.02� 0.01 0.34 0.03*
Lead mg�g�1 0.85� 0.42 0.43� 0.38 �0.22 0.11
Cadmium mg�g�1 0.19� 0.20 0.25� 0.37 0.72 0.00**
Iron mg�g�1 0.69� 0.05 0.41� 0.05 0.96 0.15
Zinc mg�g�1 0.43� 0.26 0.21� 0.07 0.01 0.48
Nickel mg�g�1 0.83� 0.99 0.51� 0.93 0.49 0.00**

*¼ significant at p5 0.05.
**¼ significant at p5 0.01.
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were cleaned after each sampling. Gloves were worn

during all sampling and laboratory procedures. Samples

were stored in a cool box after sampling was carried out

and in a refrigerator (08C) while waiting for laboratory

analysis.

Water Content and Organic Percentage

The percentage of water content of the dust was

determined by drying 1 g of dust at 1038C for 8 h in an

oven. The samples were then cooled in a desiccator before

being weighed to obtain the differences in weight before

and after they were dried. The percentage of organic

composition was determined by burning the dust in

a furnace at 6008C for 8 h. The dust was then cooled in

a desiccator before being weighed to ascertain any

difference in weight before and after it was burned.

Anions and Cations Composition

The level of anions (SO2�
4 , NO�3 , and Cl–) and cations

(Ca2þ, Mg2þ, and Kþ) in the dust were analyzed by dis-

solving 2 g of sample with ultra pure water in a water bath.

This was then shaken using an ultrasonic shaker for 1 h.

The sample solution was filtered using Whatman cellulose

acetate filter paper with pore size of 0.2 mm and filtration

apparatus linked to a vacuum pump. The filtered solution

was diluted to 100mL with ultra pure water in a volumetric

flask and kept at 48C in a polyethylene bottle until analysis.

Analyses for anions (sulphate, chloride, and nitrate) in

dust extracts were conducted by ultra-violet spectro-

photometry (Hach DR 2000). Sodium nitrate, sodium

chloride, and sodium sulphate (BDH Chemicals) were

used as standard solutions for anions determination.

The standard method for sulphate analysis is the

turbidimetric procedure whereby, sulphate ion in acidic

medium is precipitated with barium chloride (BaCl2) to

form barium sulphate. A 25mL aliquot sample of aqueous

extract was pipetted into the UV cell and Reagent

SulfaVer� 4 reagent containing BaCl2 was added. The

mixture of sample and reagent were allowed to mix for

5min and the absorbance measured at 450 nm. A similar

sample without reagent was used as a blank.

Nitrate was measured by the cadmium reduction

method. A 25mL aliquot sample of aqueous extract was

pipetted into the cell and Reagent NitraVer� 5 containing

cadmium and N-(1-naphthyl)-ethylenediamine dihy-

drochloride was added. Mixture of samples and reagent

was shaken vigorously for 1min. The intensity of the

resultant azo-dye solution was measured at 400 nm by

using UV spectrometer. Blanks were prepared using

deionized water instead of samples.

Chloride was measured by the argentometric method.

Potassium chromate was used as an indicator for the

reaction between silver nitrate (AgNO3) and chloride

anion in neutral or alkaline solutions. A 25mL aliquot

sample of the aqueous sample was pipetted into a conical

flask and the pH adjusted to between 7 and 10 using

NaOH solution. The samples were then titrated against

0.0141M AgNO3 by using 1mL of potassium chromate

as an indicator until the colour of solution changed to red

(silver chromate). Blanks were prepared using deionized

water instead of samples.

The cations Ca2þ, Kþ, and Mg2þ were determined by

flame atomic absorption spectrophotometry (Perkin

Elmer Model 3300). Standard solutions of the ions

analyzed were prepared by the dilution of 1000mg�L�1

calcium, potassium, and magnesium standard solutions

(BDH Chemicals).

Heavy Metals Composition

To determine heavy metals 2 g of the dust sample were

dissolved in a mixture of nitric and perchloric acid (v/v,

16:4) on a hot plate. The sample solution was filtered using

Whatman cellulose acetate filter paper with a pore size of

0.2 mm using filtration apparatus linked to a vacuum

pump. The filtered solution was diluted to 100mL with

ultra pure water in a volumetric flask and kept at 48C in

polyethylene bottle until analysis was conducted. Heavy

metal concentration (Ni, Pb, Fe, Cd, and Zn) was

determined by a graphite furnace atomic absorption

spectrophotometer (Perkin Elmer Model 4100ZL). The

standard solutions of the heavy metals analyzed were

prepared by appropriate dilution of each heavy metals’

standard solution (1000mg L�1).

Distance of the Houses from a Major Road

The distance of each house from the nearest major road

(outside the housing area) was measured using the scale

map produced by the local authority, Kajang Town

Council.

Statistical Analysis

Correlation coefficient (r), correlation significance and

student t-test were conducted using the Statistical Package

for the Social Sciences (SPSS) to estimate any notable

differences between the mean concentration of indoor dust

composition with and without certain activities (smoking,

cooking, use of carpets), the concentration of indoor and

outdoor dust composition and the correlation of indoor

dust composition to the distance from a major road.
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Results

Composition of Household Dust and Comparison to

Street Dust

The composition of household and street dust at the

study areas are summarized in Table 1. The average water

content (%) was generally found to be much higher

in household dust (2.76� 1.07%) than street dust

(0.56� 0.66%). Tropical sunlight with a temperature

during the day of more than 308C as well as wind velocity

were expected to reduce the percentage of water in the

street dust compared to indoor dust, which is usually

trapped in the carpet and under or between household

furniture.

The composition of organic substances in household

dust (20.99� 9.85%) was found to be significantly higher

compared to the street dust (2.88� 0.72%), which can be

attributed to several sources of household dust such as

aerosols from cooking materials, human detritus, building

materials, and detergents as used in an indoor environ-

ment. These results are quite similar to those produced in a

study by Fergusson and Schroeder [32] and Fergusson

et al. [33], which indicated significantly higher concentra-

tions of organic matter in indoor dust (approx. 40%)

compared to street dust (approx. 9%). The correlation

value (r¼�0.05, p4 0.05) (Table 1) showed that organic

components in outdoor dust had little influence on the

concentration of the organic components in household

dust. According to Mariana et al. [34], household dust was

also rich in biological species, especially dust mites which

contribute to the high composition of organic components

in household dust.

The level of the anions studied was relatively higher

in the household dust compared to the street dust. The

sequence of anions concentration in the household dust

was led by chloride (4.01� 2.27mg�g�1) followed by nitrate

(0.19� 0.12mg�g�1) and sulphate (27.42� 1.14mg�g�1).
The concentration of anions in the street dust showed

the same sequence as household dust: chloride

(0.57� 0.38mg�g�1), then nitrate (0.02� 0.00mg�g�1)

and sulphate (1.43� 0.23mg�g�1). Tap water, which has

a chloride concentration of around 7mg L�1 [35], and

detergents containing chloride (in particular those used

for cleaning activities), were expected to be the main sources

of chloride in household dust; while combustion activities

in the house were considered to be the main sources of

nitrate and sulphate in the indoor environment. Even

though anions, as the major component of soil and other

anthropogenic sources [36], were expected to be the major

contributors of the street dust their solubility by rainwater

and the influence of direct sunlight were possible factors

influencing a reduced concentration in street dust. The

negative and insignificant correlation of nitrate and

sulphate in household dust compared to street dust

(p4 0.05) indicates that the major sources of sulphate

and nitrate are indoor sources themselves.

Cations such as potassium (Kþ), calcium (Ca2þ), and

magnesium (Mg2þ) are the main components of soil [37];

and the components of these elements in household dust are

expected to originate from outdoor surface soil and dust.

The average concentration of potassium (2.87� 1.59

mg�g�1), calcium (3.25� 1.58mg�g�1) and magnesium

(0.27� 0.11mg�g�1) in household dust were significantly

higher than potassium (0.11� 0.10mg�g�1), calcium

(0.37� 0.29mg�g�1) and magnesium (0.02� 0.01mg�g�1)

in the street dust. These results indicate that: (1) the cations

analyzed can be produced from indoor sources themselves

e.g., from building materials, detergents, water, and

furniture; and (2) that they can be influenced from outdoor

sources and accumulate in an indoor environment. The

correlation (Table 1) between cations in the household

dust and street dust were found to be significant ( p50.05).

The highest r-value in this study was between potassium in

household dust and street dust (r¼ 0.65), followed by

magnesium (r¼ 0.34) and calcium (r¼ 0.29). These results

suggest that outdoor dust can influence the concentration

of cations in household dust.

The level of heavy metals in household dust presents the

main toxic risk to people, especially young children.

Results showed that the concentration of heavy metals

studied was relatively higher (p4 0.05) in household dust

compared to street dust, except in the case of cadmium.

Amongst the heavy metals studied (Pb, Cd, Fe, Zn, Ni),

lead (Pb) showed the highest average concentration

0.85� 0.42 mg�g�1 followed by nickel (0.83� 0.99 mg�g�1),
iron (0.69� 0.05mg�g�1), zinc (0.43� 0.26mg�g�1) and

cadmium (0.19� 0.20mg�g�1). These finding are still

below the level of heavy metals in indoor dust recorded

by several other researchers e.g., Al-Rajhi et al. [15],

Rasmussen et al. [30], Al-Momani [38], Chattopadhyay

et al. [39], and Yaghi and Abdul-Wahab [40]. The

concentration of heavy metals in the street dust followed

the sequence of Ni4Pb4Fe4Cd4Zn (Table 3).

The levels of metals found in household dust are not

considered high enough to constitute a primary risk to

human health, although low levels of Cd may lead to

bone damage and kidney dysfunction and some

clinicians suggest that excessive exposure to various

other metals used industrially is associated with varying

degrees of central nervous system disorder ranging from
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learning disorders, to mild forms of dementia, through to

Alzheimer’s disease. Low levels of heavy metals such as Cd

and Pb also interfere with crucial nuclear functions such as

DNA replication, DNA repair, and gene expression

through competition with nuclear uptake, homeostasis,

and the function of essential metal ions [39].

The r-value (Table 1) showed a good correlation

between iron concentration in household dust and street

dust (r¼ 0.96, p50.05) this is followed by cadmium

(r¼ 0.72, p50.05), nickel (r¼ 0.49, p4 0.05) and zinc

(r¼ 0.01, p4 0.05). Lead, on the other hand, had a

negative correlation (r¼�0.22, p4 0.05). This result

suggests that iron concentration in the household dust

was influenced by iron in the street dust. The negative

correlation of lead showed that the concentration of lead

in household dust is mostly as result of indoor sources as

demonstrated by Fergusson and Kim [22] and Yaghi and

Abdul-Wahab [40]. The most significant source of heavy

metals in household dust is paint [39]. Tong and Lam [14]

report that the color of the wall paints appeared to

alter the level of metal in house dust and that yellow

and purple paint correlated with a high concentration

of lead. The resultant difference, however, was not

statistically significant. Total element concentrations in

household dust, according to Rasmussen et al. [30],

are also likely to be influenced by the relative proportion

of biogenic particles (moulds, fungi, and other organic

matter), which have an ability to accumulate metals to

a high concentration.

Influence of Indoor Activities and Exterior Dust

Previous indoor air quality studies by other researchers,

for e.g., Monn et al. [41], Gomzi [42], Tong and Lam [14],

Rasmussen et al. [30] suggest that the composition of

household dust, especially heavy metals, was related to

exterior dust particularly from motor vehicles and interior

activities such as cooking and smoking; whilst the use of

carpets in an indoor environment acts as a trap for dust

accumulation. According to Pedersen et al. [12], heating

processes increase the number of sub-micron particles

emitted which occurs even at low temperatures starting at

50–1008C and so often present in an indoor environment.

In this study, all parameters were expected to be

influenced by combustion activities. The higher concen-

tration of the organic substances sulphate and nitrate in

the household dust was most likely a result of smoking

and cooking activities (Table 2). In addition, chloride

Table 2. Comparison of household dust composition between houses with cooking and without cooking activity in Bandar Baru Bangi and
Kajang, Selangor

Parameter Unit Cooking activities Smoking activities Using carpet

With Without With Without With Without

Water content % 2.89� 1.16 2.56� 0.92 2.87� 1.33 2.79� 0.80 2.41� 0.82 3.24� 1.21
Organic substances content % 23.46� 10.92 17.08� 6.50 25.54� 11.80 18.08� 8.32 21.56� 11.40 20.20� 7.57
Chloride mg�g�1 4.68� 2.31 2.95� 1.81 4.84� 1.88 2.74� 1.52 3.48� 2.00 4.75� 2.48
Nitrate mg�g�1 0.21� 0.14 0.15� 0.08 0.25� 0.16 0.16� 0.07 0.16� 0.09 0.22� 0.15
Sulphate mg�g�1 33.09� 35.53 18.43� 7.86 44.14� 43.91 19.73� 6.67 30.25� 28.71 23.49� 29.75
Potassium mg�g�1 3.40� 1.43 2.24� 1.62 2.74� 0.87 2.93� 1.86 2.86� 1.42 2.91� 2.15
Calcium mg�g�1 3.09� 1.42 3.52� 1.85 3.22� 1.27 3.61� 1.63 3.30� 1.51 3.19� 1.74
Magnesium mg�g�1 0.29� 0.10 0.22� 0.01 0.29� 0.11 0.26� 0.12 0.25� 0.10 0.29� 0.12
Lead mg�g�1 0.81� 0.36 0.92� 0.50 0.92� 0.35 0.95� 0.41 0.85� 0.38 0.86� 0.48
Cadmium mg�g�1 0.19� 0.15 0.19� 0.27 0.24� 0.29 0.09� 0.03 0.12� 0.12 0.29� 0.25
Iron mg�g�1 0.69� 0.26 0.67� 0.34 0.63� 0.27 0.69� 0.35 0.63� 0.30 0.76� 0.24
Zinc mg�g�1 0.43� 0.28 0.42� 0.23 0.42� 0.31 0.53� 0.19 0.49� 0.25 0.34� 0.26
Nickel mg�g�1 0.78� 0.97 0.90� 1.05 0.73� 0.91 0.41� 0.30 0.64� 0.71 1.09� 1.26

Table 3. Correlation (r- and p-value) between household and
distance from the major road

Parameter r-value p-value
(one-tailed)

Water content 0.02 0.45
Organic substances content 0.13 0.24
Chloride 0.27 0.07
Nitrate 0.26 0.08
Sulphate 0.00 0.50
Potassium –0.33 0.07
Calcium 0.30 0.05*
Magnesium –0.16 0.20
Lead –0.16 0.20
Cadmium 0.14 0.23
Iron –0.26 0.08
Zinc –0.41 0.01**
Nickel 0.00 0.48

*¼ significant at p5 0.05.
**¼ significant at p5 0.01.
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was found to be higher in household dust in those

houses where cooking activities were undertaken, which

is most likely due to the high levels of chloride in cooking

ingredients. Dust from households where there are

smokers, but excluding cooking activities, also results in

a high concentration of heavy metals such as cadmium

and nickel (Table 2). These results are correlate with those

from several other similar studies [41,43,44] which indicate

the influence of cooking and smoking activities on the

amount of particulate matter and its composition in

indoor dust. The results of increasing levels of heavy

metals have been demonstrated by Al-Rajhi [15] through

increases in the concentration of cadmium.

The use of carpets in houses was found not to change

the composition of household dust as shown in Table 2.

However, as mentioned in other studies [45,46], carpets

do increase the viability of dust mites in household dust.

Nevertheless, this study failed to indicate the higher

composition of parameters such as organic substances,

expected to come from allergens in household dust

collected from those houses with carpets.

The correlation of the household dust compositions

related to the distance of the houses from the major

road nearest each house (r-values) is shown in Table 3.

The correlation analysis sought to investigate the influence

of motor vehicles on the concentration of household

dust composition as proposed by Madany et al. [23]. The

results indicated that only potassium, magnesium, lead,

iron, and zinc were found to have negative r-values.

These results showed that the concentration of potassium,

magnesium, lead, iron, and zinc diminished as the distance

of the house from the major road increased. Lead is

already regarded as a major pollutant from petrol and

diesel engines [47], whilst zinc is produced through the

wear of vehicle tyres [48]. However, the correlation

was not statistically significant which indicates that the

influence of motor vehicles on household dust in the semi-

urban area is undetermined.

Other parameters such as potassium and magnesium,

in addition to as zinc and iron are usually associated with

soil dust [36]. Rain water is capable of transporting this

kind of dust to the street through water flow where it

eventually dries. This kind of dust is expected to have

greater influence on the amount of dust generated in the

housing area through the movement of motor vehicles

compared to the dust from the motor vehicles alone.

Conclusion

The composition of household dust versus street dust in

31 houses in Bandar Baru Bangi and Kajang, Selangor

showed that household dust has a distinctly higher

concentration of the analytes studied compared to street

dust. It was concluded that the dust generated within the

house itself (e.g., from building materials such as paints,

and activities such as smoking and cooking) was an

important source of exposure for certain pollutants. The

concentration of cations in indoor dust (potassium,

magnesium, and calcium) indicates that the possibility of

transport from soil dust to the indoor environment.

Nevertheless, the compositions of pollutants in household

dust in the study area hardly correlate to the traffic related

factors from the nearby road.

The results of this study suggest that further research

could be conducted into the influence of indoor activities,

equipment, and chemicals on the amount of indoor air

pollutants. Activities such as smoking and cooking need to

be considered as factors which contribute to the amount

of certain pollutants, e.g., organic substances and sulphate,

in the indoor environment. This suggests that these activities

may need to be limited or conducted under more suitable

conditions (for examplewith good ventilation) in the indoor

environment. Even though the amount of pollutants e.g.,

heavy metals recorded in this study far below the results of

other studies, there is still a need to correlate the amount of

indoor air pollutants to human health indicators due to the

specific conditions existing in Malaysia.
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